Safe and effective management of acute dental pain can be accomplished with nonopioid and opioid analgesics. To formulate regimens properly, it is essential to appreciate basic pharmacological principles and appropriate dosage strategies for each of the available analgesic classes. This article will review the basic pharmacology of analgesic drug classes, including their relative efficacy for dental pain, and will suggest appropriate regimens based on pain intensity. Management of chronic pain will be addressed in the second part of this series.
P
ain is a complex experience consisting of a specific sensation and the reactions evoked by that sensation. Conventional analgesics either interrupt ascending nociceptive impulses or depress their interpretation within the central nervous system (CNS ). A variety of so-called ''analgesic adjuncts'' have proven efficacy for managing chronic pain but will not be addressed in this article. They include various antidepressants and anticonvulsants that either enhance descending inhibitory pathways or modulate excitatory neural traffic that amplifies pain interpretation. These agents have marginal benefit in the management of acute pain, and they are not regarded as ''analgesics'' in the conventional sense. Management of chronic pain will be the topic of a subsequent continuing education article in this journal.
Analgesics are classified as opioids and nonopioids, but dated terms like narcotic and non-narcotic are used interchangeably. Formerly, it was believed that opioids acted only within the brain and spinal cord, but the action of nonopioids was confined to the periphery (ie, the site of injury). This explanation is no longer tenable, however; both are known to act centrally and peripherally. 1, 2 In fact, the feature that best distinguishes these analgesic classes is their mechanism of action. Opioids activate specific receptors in a manner identical to opiates, such as morphine. Nonopioids interrupt prostaglandin synthesis, thereby resembling aspirin in action.
NONOPIOID ANALGESICS
The nonopioid analgesics include acetaminophen ( APAP ) and the nonsteroidal anti-inflammatory drugs ( NSAIDs). The analgesic efficacy of these agents is typically underestimated. This is unfortunate because they generally are equivalent or superior to opioids for managing musculoskeletal pain, and they produce a lower incidence of side effects, including the potential for abuse. Dental pain is included in the musculoskeletal category, and for decades studies have repeatedly found that NSAIDs are generally superior to opioids at conventional dosages. 3^5 This principle will be revisited during the final portion of this article, but at this time it is important to review essential pharmacological features of the nonopioids.
NSAIDS
Actions and Effects. Ibuprofen is conventionally regarded as the prototype of this large group of synthetic compounds known for their analgesic, antipyretic, and anti-inflammatory efficacy. These therapeutic effects and their most notable side effects can be explained almost entirely by their ability to inhibit the cyclooxygenase (COX ) required for synthesis of various families of prostanoids. 6 This action is illustrated and further explained in Figure 1 .
Precautions and Side Effects. Clinical use of NSAIDs is predicated on their ability to reduce the synthesis of prostaglandins implicated in pain, fever, and inflammation. However, these agents are hardly selective in this goal and also inhibit the production of additional prostanoids that perform useful physiological functions. This accounts for potential side effects and contraindications.
The most frequent side effects of NSAIDs are related to their gastrointestinal (GI) toxicity. Prostaglandins stimulate the production of a mucous lining that protects the stomach and small intestine. The erosive and ulcerative side effects common to NSAIDs are attributed to their inhibiting the synthesis of these particular prostaglandins. This action not only occurs locally as orally administered drug lies in contact with gastric mucosa but also follows absorption and systemic distribution to the GI mucosa. Parenteral administration does not preclude a risk for GI erosions and ulcerations. It is important to distinguish dyspepsia (upset stomach) from GI toxicity, which reflects actual mucosal damage. The incidence of dyspepsia attributed to NSAIDs does not correlate with mucosal injury. Although less likely to produce gastric upset, buffered aspirin carries similar risk for mucosal damage as regular aspirin. 7 The ability of NSAIDs to inhibit cyclooxygenases in platelets reduces the synthesis of thromboxane A 2 , which normally contributes to platelet aggregation. This accounts for the so-called antiplatelet effect of these agents and is a consideration following surgical procedures. However, aspirin is the only NSAID that has proven effective in preventing thrombotic events such as acute coronary syndromes or stroke. This is so because the antiplatelet action of aspirin is irreversible, lasting the life span of the platelet (10^14 days). Other NSAIDs bind weakly and reversibly to platelet cyclooxygenases, which results in loss of their mild antiplatelet influence after drug elimination. 8 Although nonaspirin NSAIDs all prolong bleeding times to some degree, this does not correlate with significant clinical bleeding following minor surgical procedures. However, nonaspirin NSAIDs generally are withheld before major thoracic, abdominal, or orthopedic procedures. If aspirin is medically necessary for patients, such as those with endovascular stents who are at risk for lifethreatening clot formation, it should not be withdrawn.
NSAIDs should be avoided in patients who suffer bleeding disorders and in those taking anticoagulants such as warfarin and powerful antiplatelet drugs such as clopidogrel (Plavix). Patients receiving monotherapy with low-dose aspirin are not as great a concern but should be considered. The issue with NSAIDs is due not so much to their antiplatelet action but to NSAID-induced injury of GI mucosa that may bleed far more profusely in this patient population. Aspirin provides a maximum antiplatelet influence at a very low doseö80 mg dailyöand frequently is prescribed in combination with warfarin without consequence because such doses have a lower potential to produce gastric insult. In contrast, other NSAIDs increase the risk for GI bleeding twofold to threefold in patients medicated with clopidogrel ( Plavix) and fourfold to fivefold in those taking warfarin. 9 All concerns related to NSAID-induced mucosal injury are particularly important for older patients, especially those taking antithrombotic medications, including low-dose aspirin.
Prostaglandins play an essential role in renal perfusion, and diminished levels of these are believed to account for reported cases of nephrotoxicity after longterm NSAID use. In the healthy patient, nephrotoxicity attributed to NSAIDs requires high doses for extended periods (eg, a year or longer). 10 However, a patient with compromised renal function relies more heavily Figure 1 . Synthesis and function of prostanoids. Perturbation of cell membranes can be mediated by diverse endogenous and exogenous stimuli. This triggers activity of phospholipase A 2 , releasing arachidonic acid from the phospholipids making up the membrane. Two families of cyclooxygenases (COX-1 and COX-2) convert this fatty acid to a variety of so-called prostanoids that are unique to the particular cell or tissue and include prostaglandins, thromboxanes, and prostacyclin. Each of these prostanoids has specific physiological functions, some of which are listed in the table within this figure. Most nonsteroidal anti-inflammatory drugs (NSAIDs) are nonselective and inhibit both COX-1 and COX-2 families. Celecoxib (Celebrex) is representative of agents that selectively inhibit COX-2; it reduces pain and inflammation with little or no influence on gastric mucosa. However, this selective inhibition may promote greater synthesis of prostanoids derived from COX-1, including thromboxane-mediated effects leading to possible thrombotic events (eg, myocardial infarction, stroke). Arachidonic acid is also a substrate for lipoxygenase that catalyzes the formation of leukotrienes known for their anaphylactoid effects, including bronchospasm and upper airway edema. As NSAIDs inhibit the activity of cyclooxygenases, a greater portion of arachidonic acid can be converted to leukotrienes by lipoxygenase. This may not be tolerated by patients with atopy because they experience pseudoallergic syndromes.
on prostaglandins for adequate function, and acute renal failure can occur within 24 hours of NSAID administration. NSAIDs must never be prescribed for patients who have known or questionable renal function. The ability of NSAIDs to alter renal function has resulted in concern regarding their long-term use in patients with hypertension and heart failure. 11, 12 Altered renal function accompanies the pathogenesis of these disorders, and any further renal decline may exacerbate their condition. This concern has not been found relevant with short-term NSAID use (eg, 5^7 days).
By inhibiting cyclooxygenase, NSAIDs shunt the arachidonic pathway toward leukotriene synthesis ( Figure 1) . Leukotrienes mediate a variety of tissue responses, including those associated with bronchospasm and anaphylaxis. 13 Certain individuals may be extremely sensitive to even subtle elevation in leukotriene synthesis, which may result in signs and symptoms of allergic response. It is recommended that the term aspirin or NSAID intolerance should be used to distinguish this reaction from true hypersensitivity responses mediated by immunoglobulin ( Ig)E. Acetaminophen is the conventional alternative for patients reporting an allergic reaction to any NSAID, unless the patient can identify a particular product that he or she has tolerated without problem in the past.
In summary, NSAIDs are contraindicated for patients who have a current history of nephropathy, erosive or ulcerative conditions of the GI mucosa, anticoagulant therapy, hemorrhagic disorders, or intolerance or allergy to any NSAID. They also should be avoided during pregnancy because prostaglandins maintain patency of the ductus arteriosus during fetal development. Although this concern is most relevant during the third trimester, NSAIDs generally should be avoided throughout pregnancy. In all cases where NSAIDs are contraindicated, acetaminophen is the conventional nonopioid alternative.
Drug Interactions. After prolonged use, NSAIDs may interfere with the effectiveness of most classes of antihypertensive medications; calcium channel blockers are a notable exception. The precise mechanism for this interaction is unknown but is believed to be related to diminished vasodilator actions attributed to renal prostaglandins. In the rare event that postoperative analgesics must be continued for longer than 5 days, hypertensive patients should return to the office for blood pressure assessment. If pressure has elevated more than 10% above baseline, it would be wise to replace the NSAID with acetaminophen.
Ibuprofen has been found to competitively inhibit the antiplatelet influence of aspirin.
14, 15 It is the only NSAID implicated in this interaction, but diclofenac and the selective COX-2 inhibitors are the only agents that have been confirmed not to interact. 15 An empiric solution to this problem is predicated on the fact that the antiplatelet influence of low-dose aspirin occurs when it contacts platelets within the hepatic portal system after absorption. 16 Simply advise the patient to take daily aspirin upon arising and to delay the first dose of ibuprofen for 1^2 hours. By this time, the antiplatelet influence of aspirin will have been established. 17 This entire issue may eventually prove moot because its actual clinical relevance has been challenged impressively. Cryer et al 18 found that thromboxane inhibition by aspirin was reduced by only 1% after 10 days of concurrent ibuprofen use, and Patel 19 found no increase in incidence of myocardial infarction over a 10-year period in patients with coronary disease taking ibuprofen with low-dose aspirin.
Recently concern has been introduced regarding increased risk for GI mucosal injury in patients taking selective serotonin reuptake inhibitor ( SSRI ) antidepressants and NSAIDs. This risk is most significant after prolonged use of NSAIDs, but caution may be advised during short-term use for patients who have a previous history of mucosal injury. 20, 21 Finally, serum levels of lithium and methotrexate are elevated during concurrent consumption of NSAIDs. To prevent toxicity, NSAIDs should be avoided in patients medicated with these agents, particularly those taking high-dose regimens.
Therapeutic Uses. In general, no convincing evidence indicates that a particular NSAID is more effective or safer than other members of this drug class. 22 Selective COX-2 inhibitors such as celecoxib produce less GI toxicity after short-term use, but this advantage wanes as consumption continues. Chou et al 23 published an impressive evidence-based analysis of NSAIDs for the Oregon Evidence-Based Practice Center that supports this generalization. Nevertheless, patients vary considerably in their clinical response and GI tolerance to a particular agent. Given its unsurpassed efficacy and low side effect profile and cost, ibuprofen is generally a sound initial choice. Regardless of the agent selected, however, an optimal dosing schedule should be maintained for 2^3 days before an alternative agent is prescribed. It is reasonable to select an alternative NSAID for initial therapy for patients who appear to question the effectiveness of a product that is available over-the-counter. Regardless of the NSAID selected, clinical considerations are identical.
All NSAIDs have greater potency as analgesics and antipyretics than as anti-inflammatory agents; higher doses are required to achieve anti-inflammatory than analgesic effects. This may reflect a different site of action for analgesic versus anti-inflammatory actions (eg, CNS vs periphery), but this has not been confirmed. For example, a single 200-to 400-mg dose of ibuprofen may reduce pain and fever, but daily consumption of 1600^2400 mg may be required to suppress inflammation adequately. Nevertheless, if we consider only their analgesic properties, the dose-response curves for nonopioids ( NSAIDs and acetaminophen) exhibit a ceiling effect; additional increases in dose provide no further benefit ( Figure 2 ). The ceiling responses for aspirin and acetaminophen occur at 1000 mg, and the analgesic ceiling for ibuprofen is achieved at 400 mg. 24, 25 As the dose of an NSAID is increased, anti-inflammatory effects improve until maximum safe doses preclude any further increase. Most NSAIDs have ranges in their recommended dosages, but precise doses for their analgesic ceilings have not been determined. It is reasonable to presume that the lower doses, like those for ibuprofen, confer analgesia, and the higher range adds anti-inflammatory efficacy. With this in mind, lower dosages should be selected for noninflammatory pain, and higher ranges are reserved for those situations in which inflammation and swelling are significant cofactors. Of course most cases of dental pain have at least some degree of contributing inflammation.
Preoperative use of NSAIDs has been demonstrated repeatedly to decrease the intensity of postoperative pain and swelling. 26, 27 This is not surprising because NSAIDs inhibit the ''formation'' of prostaglandins; however, they do not destroy or inhibit those already formed. More recent understanding of pain mechanisms reveals that benefits of this practice are evident so long as prostaglandin synthesis is inhibited before local anesthesia wanes. Otherwise, prostaglandins trigger nociceptive impulses that travel to the brain and ''wind up'' the brain's interpretation of pain intensity. When an extensive surgical procedure is planned, optimal serum levels of an NSAID should be established preoperatively or before patient discharge, while tissues remain anesthetized. This ''preemptive analgesia'' may be useful for endodontic and extensive restorative procedures as well.
COX-2 Inhibitors
As was stated previously, clinical trials comparing the COX-2 inhibitors (eg, celecoxib [Celebrex]) versus conventional NSAIDs have not identified substantive differences in their anti-inflammatory or analgesic efficacy. 22, 23 Clinical studies have found celecoxib less effective as an analgesic when compared with ibuprofen and naproxen. 22 COX-2 agents offer the advantages of no increase in bleeding time and minimal GI injury despite a comparable incidence of dyspepsia. However, controversy persists regarding their risk for thrombotic events in patients with atherosclerotic disease. As is illustrated in Figure 1 , selective COX-2 inhibition tilts prostanoid production toward platelet aggregation. Indeed several publications have suggested an increase in acute coronary events in patients with preexisting CAD who have been medicated with COX-2 inhibitors. In fairness, this correlation has been found with most of the nonselective NSAIDs as well. Naproxen is the only NSAID that appears to lack this correlation. Nevertheless, it is probably wise to avoid selective COX-2 inhibitors in patients with significant atherosclerotic disease.
Acetaminophen
Actions and Effects. Compared with NSAIDs, the mechanism of action of acetaminophen is less clear but is believed to involve an inhibition of prostaglandin synthesis within the CNS. 28 It has little influence on peripheral prostaglandin synthesis, especially within inflamed tissues. 7 This is a likely explanation for its lacking anti-inflammatory efficacy and sharing none of the peripheral side effects attributed to NSAIDs. However, it is an ideal analgesic for patients who present The dose-response curve for opioids such as morphine demonstrates unlimited efficacy in which greater doses provide greater analgesia. At equipotent doses, all opioids demonstrate a similar dose response. In contrast, nonopioids demonstrate a ''ceiling'' effect that generally is adequate for relief of mild to moderate pain (pain relief rating of 4^5 in this scale). For ibuprofen, doses greater than 400 mg do not provide further analgesia. For aspirin ( ASA) and acetaminophen ( APAP ), this ceiling effect is achieved at 1000 mg an d is somewhat lower than that provided by nonsteroidal anti-inflammatory drugs ( NSAIDs). any contraindications to NSAIDs. As an analgesic and antipyretic, acetaminophen is equal in potency and efficacy to aspirin 29 and presumably may be somewhat inferior to ibuprofen and other NSAIDs as well.
Hepatotoxicity is the most significant adverse effect of acetaminophen. It is attributed to a toxic metabolite that cannot be adequately conjugated when dosages exceed 200^250 mg/kg in a 24-hour period. 30 The dose may be less for patients who are poorly nourished, who have liver dysfunction, or who are being treated with other hepatotoxic medications. For example, in contrast to the 4 g/d allowed healthy patients, those suspected of chronic alcoholism should limit their maximum daily intake to 2 grams.
Summary of Nonopioids
Most cases of postoperative dental pain include an inflammatory component. For this reason, NSAIDs are the most rational first-line agentsöoften superior to conventional dosages of opioids. Should a patient present a contraindication to NSAIDs, acetaminophen is the only alternative. Nonopioids exhibit a ceiling to their analgesic response, but optimal doses should be established before it is assumed that the NSAID has failed. Furthermore, the combination of an NSAID with acetaminophen provides greater analgesic efficacy than does either agent alone, 31 and this strategy may obviate the need for opioids. Data relevant for prescribing the most commonly used nonopioids are summarized inTable 1.
OPIOID ANALGESICS Actions and Effects
Opioids produce most of their therapeutic and adverse effects by acting as agonists at opioid receptors. Scientists have not entirely established the physiological significance of these receptors, but they are activated by a variety of endogenous ligands, collectively called endorphins. Opioid receptors germane to clinical practice are located within the CNS, but peripheral receptors have also been characterized. 2 Unlike nonopioids, which exhibit a ceiling analgesic response, opioids demonstrate greater efficacy as the dose is increased ( Figure 2) . Unfortunately, when pain is very severe, side effects may preclude the use of doses adequate to produce complete analgesia.
Only 2 of the 5 opioid receptors isolated thus far have relevance for clinical practice. The effects mediated by mu and kappa receptors are summarized in Table 2. Morphine produces its effects by acting as an agonist at both mu and kappa receptors, while naloxone acts as an antagonist. 32 The mu receptor is responsible for mediating analgesia and 2 of the most undesirable side effects attributed to opioids: respiratory depression and dependence. Mu effects have unlimited intensity, increasing proportionately with dose. Therefore, a striking contrast exists between the unlimited analgesic efficacy of mu agonists and the limited or ceiling effect described for the nonopioids.
Like mu receptors, the kappa receptor mediates analgesia and respiratory depression, but efficacy at this receptor is limited.
28 These 2 receptors provide comparable efficacy after doses equivalent to10 mg morphine IM, but the response from kappa receptors does not increase with greater doses.When high doses of opioids are used, selective kappa agonists are viewed as safer, but less analgesic, compared with traditional mu agonists.
Knowledge regarding the kappa receptor spawned the synthesis of several novel compounds that act as 
* The most significant opioid effects are mediated through mu and kappa receptors. Effects generated by mu receptors produce an unlimited dose response, but those mediated by kappa receptors have a ceiling to their effects. Opioids act as agonists or antagonists at these receptors.
À + indicates relative affinity as an agonist; 2, relative affinity as an antagonist.
agonists at kappa receptors but act as antagonists at mu receptors. Nalbuphine ( Nubain) is an example ( Table 2). These so-called agonist-antagonists are not constipating, produce less respiratory depression at higher doses, and have less potential for abuse, but their limited analgesic efficacy diminishes their value when postoperative pain is severe. Higher doses are no more effective than conventional doses. Because they act as antagonists at mu receptors, agonist-antagonists may precipitate a withdrawal syndrome in patients dependent on opioids. They are good choices for patients who have a previous history of drug seeking, but they must never be given to a patient who is currently dependent. Dysphoric reactions produced by these agents were formerly believed to be mediated by sigma receptors. However, this receptor is no longer considered an opioid receptor, and dysphoria is credited as a kappa receptor phenomenon. 32 
Dependence,Tolerance, and Addiction
Fear of dependence and addiction often results in underprescribing of opioids for severe acute, chronic, and even terminal pain. This unfortunate practice is due to poor understanding of dependence, tolerance, and addiction.
Dependence occurs when the body accommodates to the influences of a drug and, upon sudden discontinuation, the patient experiences a withdrawal syndrome that generally includes reactions opposite those produced by the particular drug. For example, opioids produce sedation, lethargy, and constipation. A patient who is experiencing opioid withdrawal becomes excited and experiences abdominal cramping and diarrhea. If opioid doses are tapered gradually, a dependent patient will not experience withdrawal. Patients who consume opioids regularly for longer than a week can develop some degree of dependence. This may require gradual tapering of the dosage to avoid withdrawal symptoms, which can be confused as an exacerbation of the painful condition. However, this does not mean that the patient has become addicted. 22, 32 After repeated administration, patients develop tolerance to opioids. This is to say that greater doses are required to produce the same intensity of effect formerly provided by a smaller dose. Tolerance to analgesia, sedation, and respiratory depression occurs simultaneously, but it is curious that no tolerance occurs to the constipating or miotic effects of opioids. This is problematic for the patient with chronic or terminal pain. Although staggering doses may be required to control pain and generally will not jeopardize the patient's respiratory status, constipation can become extremely severe, and night vision becomes impaired. Similar doses, if administered to patients who have not developed tolerance (ie, opioid-naive patients), would certainly be lethal. These identical issues must be considered when one is managing dental pain for patients who are chronic opioid abusers.
Addiction is distinct from dependence or tolerance. It is a compulsive behavior centered on seeking a drug and its effects for nonmedical reasonsögenerally for pleasure. It is a complex psychiatric phenomenon, but it should not be attributed to the drug. Addictive behavior can be reinforced by a particular drug, but it is not a pharmacodynamic property. A patient who lacks addictive behavior can be easily weaned from opioid dosages without fear of precipitating addictive behavior. In contrast, an addicted patient will seek the drug despite having no remaining evidence of dependence or medical need for the drug. Opioids produce dependence, even after as little as 5^7 days of therapy, and this may require institution of a tapering dosage schedule. However, opioids do not produce addiction; they should not be withheld on the presumption that the patient will become ''addicted.'' 32 Obviously, opioids must be prescribed cautiously for patients who demonstrate addictive personality.
Therapeutic Considerations
Despite recent scientific literature to the contrary, many believe that certain opioids are more effective or more dangerous than others. This is simply not the case; equipotent doses are equianalgesic. When administered subcutaneously or intramuscularly, 10 mg morphine, 75 mg meperidine, and 120 mg codeine all produce equivalent analgesia and side effects. 32 However, as will be explained below, issues regarding metabolism and activity of metabolites have been noted with some of these agents.
After oral administration, gastric degradation and first-pass metabolism require that larger doses be used if one is to achieve analgesia comparable with that following parenteral administration. For example, the oral-to-parenteral dose ratio for morphine is generally regarded as 3 : 1. If one is to duplicate the analgesic efficacy of a standard 10-mg IM injection of morphine, a 30-mg oral dose must be prescribed. Equianalgesic doses of commonly used opioids are found in Table 3 .
Effective pain control is predicated on selecting an optimal dose, rather than selecting a particular agent. However, individual differences in patient response and pharmacokinetic differences (eg, duration, elimination halflife) may favor the use of a particular agent. Morphine 7.5^10 mg IM is a relatively safe and common standard for inpatient analgesia. By using this as a reference point, one can select equianalgesic doses of other agents for both parenteral and oral regimens.The opioid doses listed in Table 3 are equianalgesic and present equivalent risks for serious side effects.
Considerations for Specific Opioids
Codeine has very little affinity for the mu receptor and may be considered a prodrug because 10% of the parent drug is converted to morphine by cytochrome P450 CYP2D6. The morphine metabolite accounts for its entire analgesic effect 32 ( Figure 3 ). Altered activity of CYP2D6 offers one explanation for varied responses to codeine and to its derivatives that will be addressed below. Roughly 5^10% of the Caucasian population metabolizes codeine poorly because these individuals have inherited 2 nonfunctional alleles for synthesis of CYP2D6. For them, analgesia resulting from codeine will be less than expected with the general population. It has also been estimated that 1^7% of Caucasians have elevated CYP2D6 activity, and this may account for heightened sensitivity. 33 Likewise, a variety of drugs that a patient may be taking concurrently have the ability to inhibit or induce CYP2D6 activity. For example, the SSRI antidepressants are CYP2D6 inhibitors, making codeine less effective. This is established for fluoxetine ( Prozac) and paroxetine ( Paxil) but appears less likely with other agents of this class. 34 In contrast, dexamethasone is a CYP2D6 inducer and will enhance the portion of codeine demethylated to morphine.
Hydrocodone and Oxycodone. Hydrocodone and oxycodone are more attractive analgesics than codeine. They also are methylated, but these parent drugs appear to have better affinity for opioid receptors than codeine. Hydrocodone is demethylated to hydromorphone in quantities sufficient to credit both the parent drug and this active metabolite with its analgesic influence. For this reason, hydrocodone shares the same considerations regarding demethylation addressed previously for codeine. 33 In contrast, the analgesic effect of oxycodone is almost entirely attributed to the parent drug because only scant amounts are demethylated to oxymorphone. 33 This makes it the better choice for patients taking medications known to inhibit CYP2D6. Their potency allows for lower doses of these agents and reduces the incidence of nausea compared with codeine.
Unfortunately, equianalgesic doses for these codeine derivatives were poorly understood initially, which spawned release of combination products that contain irrational dosage formulations. Equipotent doses listed in textbooks vary somewhat, but those provided in Table 3 are well accepted and indicate that 200 mg codeine, 30 mg hydrocodone, and 20 mg oxycodone are equipotent oral doses, and these are equianalgesic to the conventional opioid standard of morphine 10 mg IM or § Based on IV data. After oral use, duration may be longer. I Based on short-term use. Long-term use (eg, .2 days) may require reduction because of altered kinetics and reduction in the oral-to-parenteral ratio.
" Duration and half-life increase with repeated doses because of drug accumulation. Do not exceed drug manufacturers' recommendations for dosage intervals.
# Accumulation of toxic metabolite (normeperidine) precludes long-term use (.2 days). ** Oral doses generally are limited to 90 mg to avoid excessive nausea and constipation from the prodrug. ÀÀ Derived from sources other than texts cited for other data. Most tables in traditional texts list 30 mg oxycodone as equipotent. Empiric data and numerous journal articles suggest that this is excessive, and that 20 mg is more appropriate.`1 30 mg for HCl salt and 200 mg for Napsylate salt. These doses are the maximum recommended but may not be equipotent with other opioids in this table.
30 mg PO. Codeine doses have been well studied, and from this table we find that the oral dose for codeine is approximately 20 times the IM dose of morphine (200 mg vs 10 mg). Clinical studies that have attempted to address equianalgesic doses of codeine derivatives are sparse, but they support this same ratio. Beaver et al 35 found that oxycodone 10 mg was comparable with codeine 100 mg, and this would extrapolate to oxycodone 20 mg and codeine 200 mg. Studies by Hopkinson 36 and by Beaver 37 have shown that hydrocodone 10 mg was approximately equipotent to codeine 60 mg, and this would extrapolate to 33 mg hydrocodone and 200 mg codeine. It is not uncommon for patients to report previous episodes of nausea as an ''allergic reaction.'' However, IgE antibodies have been detected that react with several opioids, including codeine, 38 and nearly all opioids are capable of triggering degranulation of mast cells leading to the direct release of histamine. 39 Until issues regarding cross-reactivity among opioids are resolved, a prudent approach would be to select alternatives that are molecularly dissimilar. For example, when a patient reports clinical signs that are allergic in nature, one should select an agent that is not derived from morphine or codeine (eg, propoxyphene, pentazocine). 40 Meperidine. Meperidine 75^100 mg is equianalgesic to morphine 10 mg after IM administration. A significant portion of an IM dose of meperidine is converted to normeperidine, a metabolite that has no analgesic properties but is a noted cardiovascular and CNS stimulant. Furthermore, this metabolite has a 15-to 20-hour elimination half-life, compared with 3 hours for the parent drug. 32 For hospitalized patients, meperidine is used for only a day or 2; otherwise, normeperidine will accumulate. In fact, many hospitals have deleted it from their formularies. This issue becomes even more problematic after oral administration in outpatients. Oral bioavailability for meperidine is approximately 25%, which requires a 300-mg dose to be equianalgesic to its IM dose of 75 mg. This introduces an even greater risk for accumulation of normeperidine. Poor oral absorption and accumulation of normeperidine make meperidine a very poor choice as an oral analgesic.
Propoxyphene. Propoxyphene is available only for oral administration. The equianalgesic dose compared with morphine has not been established, but its potency is low. By convention, 100 mg is considered equipotent to oral codeine 60 mg. It is similar to meperidine in that it is converted to norpropoxyphene, a stimulant that has an elimination half-life of 30 hours. 32 Its use should be limited to short-term management of mild to moderate pain.
Pentazocine. Pentazocine is the only oral agonistantagonist analgesic available in the United States. It produces its analgesic effect by acting as an agonist at kappa receptors but is an antagonist at mu receptors. Therefore it reverses all effects of traditional mu agonist opioids if taken concurrently. Unlike mu agonists, which provide unlimited analgesic efficacy, kappa agonists exhibit a ceiling to their analgesic effect, and no benefit is derived by increasing doses beyond 50 mg. Pentazocine is available in the United States for oral use compounded with naloxone to prevent parenteral injection abuse issues. If injected, naloxone will block all effects of pentazocine, rendering it useless. When taken by mouth, however, naloxone has no oral bioavailability and will not hinder pentazocine actions. Additionally, pentazocine is available compounded with APAP. It should not be used in the presence of other opioids. When other opioids are present, pentazocine will serve as an opioid antagonist, thus reducing Figure 3 . Molecular structures of morphine, codeine, and derivatives. The top row illustrates molecular structures for morphine and its two derivatives, hydromorphone and oxymorphone. The subtle changes indicated by the asterisks enhance affinity for the opioid receptors, which accounts for greater potency. The bottom row illustrates codeine and its derivatives, which differ from their morphine-derived counterparts only in a methyl substitution (circled). Approximately 60% of an oral dose of codeine-related products is absorbed and may be subjected to varying degrees of demethylation by CYP2D6 to its active metabolite. Framed molecules are those credited with the analgesic effect provided by various codeine-related products. Codeine has little affinity for opioid receptors. Roughly 10% of an absorbed dose is demethylated to morphine, which is credited with its analgesic effect. Hydrocodone and oxycodone have good receptor affinity and provide an analgesic effect. The analgesic effect of hydrocodone is credited to both the parent drug and its active metabolite, hydromorphone, but analgesia provided by oxycodone is almost entirely the result of the parent drug. Very little is demethylated to oxymorphone. the patient's analgesia. Additionally, it should not be prescribed for patients who are opioid dependent and at risk for withdrawal. It is an attractive choice for patients who have a previous history of opioid abuse because it does not provide euphoric effects mediated by conventional mu agonists. Because it is not a mu receptor agonist, constipation is unlikely.
Tramadol. Tramadol is a centrally acting analgesic with binary action. It is not classified as a controlled substance in the United States. The parent drug inhibits the reuptake of norepinephrine and serotonin. This resembles the action of tricyclic antidepressants and potentiates descending neural pathways that inhibit incoming nociceptive impulses. This action has proven efficacy in the management of chronic pain. However, any benefit for tramadol in acute postoperative pain management is not as well defined. The principal metabolite of tramadol, O-desmethyltramadol ( M1), demonstrates agonist action on mu receptors, providing analgesic efficacy approximating that of codeine 60 mg. Formation of this metabolite is provided by CYP2D6 enzymes and introduces the identical risk for drug interactions described earlier for codeine. Tramadol is not recommended for patients with a tendency toward opioid abuse or dependence. 41 It is available in combination with acetaminophen but is no more effective than codeine-acetaminophen combinations. 42 
SELECTING ANALGESIC REGIMENS
Mild to moderate pain generally can be managed by using optimal doses of nonopioids: ibuprofen 4008 00 mg, acetaminophen 1000 mg, or a combination of the two. Although it is unwise to combine NSAIDs, the addition of acetaminophen to an NSAID is reasonable because they have different sites for their analgesic action. 31, 43, 44 Regardless of pain severity, one should seek to optimize ''around-the-clock'' dosages of these agents and then, if necessary, add an opioid to the regimen as needed for breakthrough pain. This practice generally will reduce the amount of opioid required, sometimes to only a fraction of the maximum doses listed in Table 3 . It is irrational to prescribe opioid combinations routinely as ''first-line'' analgesics.
To further focus on the importance of nonopioid analgesics, refer to the graph provided as Figure 4 . These data were derived from a clinical study funded by a drug company to promote a combination product containing ibuprofen and oxycodone. 5 It is significant that the analgesia provided by single-entity agents reconfirms clinical studies published repeatedly over the past 3 decades. NSAIDs are more effective for musculoskeletal pain than are conventional doses of opioids. In fact, oxycodone 5 mg (the dose combined with APAP in the most commonly prescribed Percocet tablet) is no more effective than placebo. Notice, however, that a small increment of opioid (oxycodone 5 mg) added to ibuprofen improves pain relief. This illustrates the fact that opioids are synergistic, and analgesia can be improved by titrating additional opioid increments to an optimally dosed nonopioid.
It is not surprising that such a large number of commercially compounded analgesics containing both nonopioid and opioid ingredients have been produced. The opioid contained in most of these products is either hydrocodone or oxycodone. Some of these combinations appear to have been formulated with little consideration given to equianalgesic dosage strategies. Additionally, several products contain large quantities of acetaminophen that preclude the use of multiple tablets to achieve an adequate amount of opioid for patients who experience severe pain. When prescribing combination products, the clinician must pay particular attention to the amount of acetaminophen used separately or compounded so that the maximum daily dose of 4 grams is not exceeded. In many cases, it is better to write separate prescriptions for the opioid and the nonopioid at dosages that more precisely address the analgesic needs of the patient. Suggested regimens are presented in Table 4 .
The dentist must be cautious when prescribing for patients managed over the long term with opioids by their physician. Ideally, these patients have contracted with their physician to decline opioid prescriptions from other health care providers. 45 Regardless of their arrangements, the dentist should avoid increasing the current opioid dose or prescribing additional opioids for postoperative pain control. The patient's daily nonopioid regimen should be optimized, and, if opioids are required, the physician should be asked to temporarily increase the dosage. Pain experienced after dental surgery is additive to the patient's normal chronic intensity of pain, and opioid tolerance may require a temporary increase in opioid dosage.
SUMMARY
Careful selection of an effective analgesic regimen should be based on the type and amount of pain the patient is expected to experience. This strategy can prevent the stress and anxiety associated with breakthrough pain. 46^48 When analgesics fail, it is not unusual for patients to make desperate attempts to seek relief. The clinician should develop several safe and effective analgesic regimens based on estimates of anticipated pain intensity. Following are key features for the proper management of acute postoperative pain:
1. Patients benefit from receiving optimal NSAID doses given at regular, ''clock-based'' time intervals. These agents are effective and relatively safe and reduce the need for opioids. In situations where pain can be anticipated, the analgesia may be optimized by commencing administration before local anesthesia wanes (ie,''preemptive analgesia''). 2. Although NSAIDs achieve an analgesic ceiling at their lower dose ranges, it is proper to prescribe higher doses for most cases of dental pain to derive benefit from their anti-inflammatory properties. 3. The site of action of acetaminophen differs from that of NSAIDs. Therefore, the analgesic effect of acetaminophen is consi dered synergistic when combined with NSAIDs. 4. If the dose of an NSAID, acetaminophen, or their combination has been optimized but pain persists, an opioid should be added. A commercially available combination product containing opioi d an d acetaminophen may be an option and is easy to prescribe. However, when prescribing these combination products, the practitioner must be cautious not to exceed 4 grams of acetaminophen per day because of concerns about hepatic injury. 5. Because opioids have no ceiling dose, opioid dosing is better accomplished by prescribing it separately in some situations.This allows opioid to be titrated to the analgesic dose required and decreases concern for acetaminophen toxicity. 6. Avoid prescribing any opioid product for patients already receiving opioids for chronic pain disorders and for those under treatment for opioid abuse. It is appropriate to request an increase in dosage from the prescribing physician if necessary.
